Always cite the published version, so the author(s) will receive recognition through services that track citation counts, e.g. Scopus. If you need to cite the page number of the TSpace version (original manuscript or accepted manuscript) because you cannot access the published version, then cite the TSpace version in addition to the published version using the permanent URI (handle) found on the record page. perspective of clustering processes arguing that regional industrialization is subject to formal and institutional arrangements which shape the growth paths and contribute to divergent regional trajectories. Although these industrial parks all benefit from the general economic upswing in China, their development is influenced by different business models, economic contexts, goals and strategies, leaving room for divergence and specialization. Due to the existing structure of operations, these parks have a great deal of potential but also face substantial challenges, such as the establishment of internal networks and close customer linkages. It is argued that this might limit their innovative capability in the future. Furthermore, their growth prospects differ depending on future government policies.
Introduction
During the 1990s, the new goal of economic policy in the larger Shanghai and surrounding Yangtze Delta region was to support the shift from traditional manufacturing sectors, based on large state-owned firms, toward the new industries and services of the knowledge economy.
However, as the financial crisis in Asia indicated following 1997, the new economic core sectors were quite vulnerable. This crisis slowed down economic growth, led to a reduction in domestic wealth, disrupted existing economic development plans, and contributed to increased social instability (Zeng 2000; . Due to this unexpected economic downswing, the goals of economic policies changed. Policy makers felt that it was premature to concentrate primarily on the industries of the "new economy" and, instead, placed greater emphasis on "old economy" industries, such as machinery and automobile production (e.g. Depner and Bathelt 2005) , as well as the chemical industry including pharmaceuticals.
Taking this policy shift as the starting point of our inquiry, this paper investigates its effects on the chemical industry in the Yangtze Delta region. We aim to demonstrate how strong governmental support, combined with continuous foreign direct investment in a high-growth environment, can instigate new economic development paths. Through an examination of three newly developed chemical industry parks in Shanghai, Nanjing and Ningbo, the goal of this study is to determine whether increased support and investment have given rise to the development of new industry clusters, and how this policy shift impacts the social and regional divisions of labor in the Yangtze Delta region. To this end, we investigate the evolution of the three industrial parks and the goals behind their development. Furthermore, we analyze the industry structure, institutional context and structure of social relations within these parks, as well as their linkages with international markets. This work draws from a cluster conception (Bathelt, Malmberg and Maskell 2004; Bathelt and Zeng 2005) which emphasizes the importance of an institutional perspective. It argues that initial clustering processes are subject to formal and institutional arrangements that shape the regional growth paths and contribute to the establishment of different or divergent regional trajectories. The empirical analysis clearly shows that the chemical industry, which did not have a high priority in economic development during the 1990s, experienced tremendous growth since 2000. The case studies conducted also provide strong evidence that new regional divisions of labor and intra-regional rivalry developed between different locations, despite the general growth tendency. This paper is organized as follows. The next section lays out the conceptual foundation of the study based on a cluster conception. Using a multi-dimensional framework, it argues that strong producer-user linkages within and across regions and a supportive institutional environment are necessary to exploit growth potentials. Section 3 outlines the study's methodological approach.
Sections 4 through 6 offer an empirical analysis of the economic structure and development of the newly established Shanghai Chemical Industry Park (SCIP), Nanjing Chemical Industry Park (NCIP) and Ningbo Chemical Industry Zone (NCIZ), respectively. We conclude in section 7 by summarizing and comparing the growth of the three chemical industry parks, and by making some preliminary predictions regarding their likelihood of developing into new industry clusters.
This section also identifies benefits and challenges of this growth for the divisions of labor in the Yangtze Delta region.
Clusters, Institutions and Divergent Growth Trajectories
A field of substantial debate, which has been key to the development of economic geography, is that of understanding and explaining industrial agglomeration and developing policies to produce or maintain such concentrations. Porter's (1990) introduction and discussion of the cluster concept in many ways served to push the debate surrounding agglomeration further, and revived older debates on industrial location. This work was also decisive in strengthening the policy relevance of clusters and related concepts, which are now widely used to support regional and national economic development policies. That being said, the degree to which different selfproclaimed cluster policies are actually based on the same model remains unclear, as the link between academic conceptualization and policy formulation is often weak (Martin and Sunley 2003) .
Situating our research within the context of this debate, this paper views clusters as regional concentrations of firms belonging to a value chain, and their service infrastructure, which are linked through traded and untraded interdependencies (Malmberg and Maskell 2002; Pinch, Henry, Jenkins and Tallmann 2003; Bathelt 2005) . To provide a better understanding of the growth and reproductive capabilities of clusters, we suggest distinguishing different cluster dimensions which help identify their strengths and/or weaknesses. The horizontal and vertical cluster dimensions are important because they impact cooperation, interactive learning and product differentiation within a cluster (Porter 1998; Enright 2003; McCann 2008) . The vertical dimension encompasses firms with complementary products and competencies which benefit from intensive transactions within a cluster and form networks of traded interdependencies.
Vertical linkages are associated with producer-user interaction and respective learning processes.
The horizontal dimension refers to firms that produce similar products (Maskell and Lorenzen 2004) establishing the grounds for local rivalry and product differentiation based on learning by observation. Both dimensions are important for the formation of specialized regional labor markets (Malmberg and Power 2003) . The external dimension of a cluster is important because it provides connections with global markets, technologies and knowledge pools which enable ongoing economic growth (Bathelt, Malmberg and Maskell 2004) .
In addition to these dimensions, institutional arrangements and power relations establish further important dimensions that support reproductivity and coherence within a cluster (Bathelt and Zeng 2005) . This paper particularly emphasizes the role of different institutional configurations in shaping the structure of cluster relations. Along with Setterfield (1993) , we view institutions as correlated behavior of economic agents, or stabilized patterns of social relations (Bathelt and Glückler 2003) . Within this framework, two types of institutions jointly shape economic patterns and decision-making: formal and informal institutions: While formal institutions are related to economic interaction based on conventions, norms, traditions, experience, trust or reciprocitywhich are often tacit in nature -, formal institutions are related to laws, rules or regulations which are codified. A joint institutional framework allows specialized users and producers to discuss and solve particular problems, and develop reasonable expectations regarding each other's actions (Hodgson 1988; North 1990 ). The creation of institutions within a cluster helps to stabilize producer-user relations, shapes the nature of economic decisions and impacts the overall growth trajectory of a cluster (Bathelt 2005; Bathelt and Zeng 2005) .
Although cluster dimensions also exist in agglomerations of the chemical industry, the structure of supplier relations is somewhat different from that found in other industries. Regional producer-user networks tend to be more narrow in character and do not involve intensive horizontal and vertical interaction. Suppliers establish close transactional relations with their main customers, but often do not engage in intensive interaction or joint product development.
These relationships often appear to be relatively standardized, but are stable as the firms specialize in the complex production of chemicals that are sometimes dangerous to handle and expensive to transport (Bathelt 1997) . Overall, we do not expect that the development of clusters within the chemical industry has the same structure as that found in other industries. Nonetheless, the development of regional clusters is, either implicitly or explicitly, the goal of many economic policies that establish specialized industrial parks and design their institutional set-up. The establishment of chemical industry parks in the Yangtze Delta region serves as a good example of this. Here, new industrial parks have recently been built that focus on the production of petrochemicals and organic chemicals. The strategy of these parks is to select and attract firms from a value chain to develop close transactional networks and, through this, spur broader economic growth.
From this discussion, we are skeptical that fully-fledged clusters could be established in the Yangtze Delta chemical industry. We can expect, however, that initial clustering or agglomerating may occur as a result of the enormous investments undertaken in the industry.
These include investments by the central and provincial governments and by large state-owned chemical firms, as well as substantial foreign direct investments. Although knowledge regarding the origins and initial stages of cluster development is still limited (e.g. Feldman and Francis 2004; Henn 2006; Atherton and Johnston 2008) , it is important to consider that such development is fundamentally shaped and directed by the specific institutional conditions that exist within the regions. These vary substantially within the Yangtze Delta region and find expression in different local traditions and business cultures. The province of Zhejiang with Ningbo, for instance, developed a network of entrepreneurs that started up many successful ventures involving substantial risks, especially since the Chinese economy opened up (Wei, Li and Wang 2007) .
These businessmen formed close guanxi networks through which they were able to split risks but also mobilize large amounts of private capital for economic projects. Due to these private initiatives, the provincial and central governments played a limited role in economic development.
In contrast, Nanjing, which is located in the province of Jiangsu, was dominated by large stateowned firms with strong linkages to the central and provincial governments (Ong 2007) . In the chemical industry, these dominant firms aimed to protect their leadership within China through close business-state relations, while private risk-taking was less common than in Zhejiang.
Shanghai also had a strong tradition of large state-owned firms that developed close government linkages, especially with the provincial government. In the late 1990s, however, the focus radically shifted toward an opening policy based on the integration of foreign direct investment, technology transfer and the embedding of western business cultures (Wang 1996) .
Related to specific institutional settings, we can expect that initial clustering tendencies may lead to different growth trajectories. Due to the impact of varying formal and informal institutions, different types of decisions and interaction patterns are favored in different regions. As demonstrated in the empirical sections below, the formal institutional conditions related to the nature of investments, basic infrastructure provided, and governmental policies were quite different between the three case studies. We further show that the dominance of certain informal institutional arrangements also had a substantial impact on how firms acted and what decisions were made, especially related to the chemical operations and interaction patterns that were attracted. These informal institutions were closely related to the different business models found.
From the above argument, we derived two hypotheses for our research on the development of the chemical industry in the Yangtze Delta region: Our first hypothesis is that it is unlikely that fullydeveloped industry clusters with close social relations between local firms will develop. Our second hypothesis is that differences in the institutional context of the regions will spur different cluster structures and developments despite similarities in the product range. Key factors that assist us in analyzing and comparing potential cluster configurations and their institutional set-up include the type of industrial park and infrastructure set up, goal of development and cluster policy, firm structure and investments, as well as producer-user linkages. Before analyzing these indicators systematically in each case study region, the methodology of this research is discussed in the next section.
Methodology
Our research draws upon a variety of information and data sources, including statistical data, Lastly, we used leads from the earlier interviews to select small and medium-sized Chinese chemical firms located in the parks. About 80 % of the firms contacted agreed to participate in this research project and were willing to arrange for an interview.
In our interviews, we talked to the general managers, chief executive officers, or foreign expatriate researchers or managers of these firms. The interviews with Chinese firms were usually done in Chinese and translated into German. All other interviews were done in German or English. With the exception of those interviews conducted with Chinese managers, all interviews were recorded on tape and transcribed. The transcriptions were further restructured according to the main questions regarding cluster structure and development. They were intensively discussed between both authors who conducted most interviews jointly, and triangulated with other available information. Chinese interviews were recorded in the form of detailed protocols in German and Chinese. The protocols were subsequently compared with one another and adjusted to avoid misinterpretations. Despite the limited number of interviews upon which our analysis is based, we are confident that this study captures many of the core tendencies in the chemical industry of the Yangtze Delta region. The data were analyzed in the form of "thick description"
in an attempt to identify and describe the processes that occurred, and other data and sources were added (Miles and Huberman 1984; Silverman 2001 ).
The interview guide that was used had to be adjusted to the context of the interviewees, that is, to the national origin of the firms and to the position of the interviewees within the firms. The questions asked were mostly open-ended, with a few variables requiring quantitative estimates (e.g. employment, sales, percentage of regional sales and purchases). The interviews lasted between 60 and 90 minutes. In the case of foreign investors, the interviews began with an analysis of the start-up processes, involving questions of why, when and how decisions to establish production facilities in the region were made. This also included questions about their prior experience in China. The next set of questions revolved around producer-user relations, focusing on the main locations and structure of interactions with customers, suppliers and machinery providers. Finally, questions about experiences with Chinese joint-venture partners, business contacts and employees were posed and personal evaluations of the development prospects of the regional chemical industry requested. Interviews with Chinese firms were structured in a similar way, although the questions focused more on contacts and experiences with foreign partners and the business conduct of foreign managers. The guide for the interviews with industrial experts and park developers had to be modified as well, but covered the same major segments.
In the next section of the paper, we provide an overview of the history and growth of the chemical industry in China and the Yangtze Delta region, before turning to a closer analysis of the empirical findings of our research.
Growth of the Chemical Industry in China and the Yangtze Delta

Region
Since the economic reforms and opening policy, China experienced strong economic growth.
This growth was largely due to continued industrialization, which began in the 1980s and accelerated during the 1990s and 2000s associated in particular with large foreign direct investments. Although largely unexplored in academia, it is important to note that the chemical industry played a central role in this process (Dong 2007) . Based on gross industrial output, the chemical industry ranks fourth after the information technology, iron/steel and machinery industries. Considering the present economic dynamics, it is foreseeable that the chemical industry will continue to grow in importance, at least in the short to medium-term (Sun and Gu 2004) . It is estimated that China will be the second largest producer of chemical products after the US by the year 2015 (Perlitz 2005; Hang 2007 ). The history of this industry dates back much longer, however, and can be traced back to the establishment of the People's Republic. The development of the industry was closely related to the production of petrochemicals and organic basic chemicals. According to the economic development paths and policy initiatives, four development stages can be distinguished: (Hang 2007) . In addition, former state-owned firms were privatized and transformed into publicly-traded firms. The goal of this transformation was to make these firms more profitable since many state-owned firms suffered from substantial losses and low efficiency, despite the new economic situation and easier market access (Cheng and Bennett 2007) . Many of the new private firms had a state organization as their major shareholder, indicating that state linkages were still very strong. Cao, Qian and Weingast (1999) referred to this process as 1 Due to issues of data availability and reliability, we feel only confident presenting data of the Chinese chemical industry after 1980. "privatization, Chinese style". In the following years, the creation of township and village enterprises was also encouraged, leading to a third type of firms. Along with the increasing demand, the industry grew quickly leading to a strong increase in the number of firms, employment and gross production value. Particularly the number of small and medium-sized firms increased substantially. From 1982 to 1997, employment in the Chinese chemical industry grew by 155 % from 3.1 to 7.9 million people (Table 1) . ********************************** Insert Table 1 about here ********************************** The Yangtze Delta region (Table 2 ). ********************************** Insert Figure 1 and Table 2 about here ********************************** 2 The region covers the three provinces of Shanghai, Jiangsu und Zhejiang, and includes the 16 major cities of Shanghai, Nanjing, Hangzhou, Ningbo, Jiaxin, Huzhou, Taizhou/Jiangsu, Zhoushan, Suzhou, Wuxi, Changzhou, Zhenjiang, Yangzhou, Shaoxing, Nantong, and Taizhou/Zhejiang. Between 1997 and 2006, the gross production value in the region grew from 302.5 billion Yuan (37.8 billion US-$) to 1,603.1 billion Yuan (213.7 billion US-$) ( Table 2 ). Its national share in employment and gross production value increased from 15.5 % to 17.6 % and from 25.9 % to 30.3 %, respectively (Table 3; Table 2 ). Depending on the chemical branch, between 16.7% (petroleum processing, coke products and processing of nuclear fuels) and 71.4% (chemical fibers) of the total Chinese production value were produced in the Yangtze Delta region in 2006 (Table 4) . Chemical industry parks were established in several cities, such as Shanghai, Nanjing, Wuxi, and Ningbo, and received considerable support from the central, provincial, and local governments. It was also suggested that another huge (50 km long) chemical industry zone should be established in the province of Jiangsu. This project was, however, not approved by the central government due to environmental concerns (Sun and Gu 2004) . ********************************** Insert Table 3 and Table 4 about here ********************************** In addition to the growth of customer industries, the chemical industry in the Yangtze Delta region also benefited from improvements in infrastructure and investments in new projects. Some cities had access to deep sea harbors, while others benefited from the possibility of conducting bulk shipments on the Yangtze River. As a consequence, chemical firms had improved access to raw materials, especially crude oil from regions such as the Near East, Africa and Indonesia.
Nanjing was also equipped with an oil pipeline that connected the region to the northern Chinese oil fields (Zhong 2007) . Due to the enormous growth of manufacturing industries, such as information technology and automobiles whose production value in China grew by almost 540 % How all of these factors have materialized into new industrial centers is investigated in the three subsequent sections that focus on the evolution of the newly developed industrial parks/zones in Shanghai, Nanjing and Ningbo. Our study emphasizes an institutional perspective to understand the development of specific regional growth trajectories. Drawing on the cluster conception presented above (Bathelt 2005; Bathelt and Zeng 2005) , our analysis of the chemical industry parks presents what we refer to as "thick description" of the industry structure of three cases and their institutional set-up, especially in terms of formal institutions. This includes the analysis of the park structure, cluster policy and goal of development, nature of firms and investments, and producer-user linkages. Through this, we aim to elaborate the social foundations of economic growth and potential cluster development in the Yangtze Delta region. This also provides the foundation for our discussion of the divergent growth paths of the three industrial parks in the concluding section of this paper.
Integrated Large-Scale Investments in the Shanghai Chemical Industry Park (SCIP) since 2004
The institutional conditions for the growth of the chemical industry in the SCIP were quite unique as this was a greenfield development of a huge scale that would be difficult to realize in the context of other countries, especially in Europe and North America. America. According to one executive of the development corporation, five key findings were derived from this analysis. First, petrochemical production and subsequent processing stages apparently move from raw material locations toward market locations. Second, many locations worldwide extend value chains by adding upstream and downstream operations. Third, production is increasingly carried out in large specialized facilities in order to exploit economies of scale. Fourth, the consequence of this is that multinational firms tend to develop network relations and partnerships with one another, instead of competing against each other. Fifth, environmental factors gain in importance. The concept of the SCIP was designed to incorporate these trends. At the same time, the industrial park was also supposed to become a counterweight to existing locations of chemical production in China, for instance competing against petrochemical operations in Nanjing.
As a result, the SCIP was designed to host an extended production chain based on petrochemical/chemical production. First, an ethylene cracker was built that formed the heart of the SCIP producing basic organic chemicals. In selecting new investment projects, the development corporation prioritized operations that established long-term material linkages with other facilities in the park in order to process basic chemicals further. Second, the institutional set-up was done in a way such as to offer a large variety of services to the tenants in the park. The logistical infrastructure for the supply and delivery of chemical goods also had a high priority.
Third, the park aimed to pursue an integrated environmental protection strategy. As part of this, the energy supply in the SCIP was scheduled to be based on natural gas. Furthermore, new investors were required to install modern low-emission technologies; waste water was collected and cleaned; and a green belt was to be built. The development corporation negotiated and mediated the park relations and expansion policies with near-by farmers, residents and other agents. Fourth, the park management aimed to develop into an integrated agency that dealt with all problems and requests from local firms through a one-stop service philosophy (Shanghai Chemical Industry Park Development Co. 2004; . Representatives of the development corporation emphasized that the growth of the park was not supposed to be based on low-cost production, but rather on its integrated long-term conception. One of the means through which to establish initial trust with new tenants was to engage some of the long-term service providers and suppliers of the new firms in ongoing infrastructure projects. The provincial government was also directly involved in and supportive of the development of the park and had a permanent on-site office. In sum, the SCIP was designed to develop into a cluster-type structure similar to that described by Malmberg and Maskell (2002) or Bathelt (2005) . As will be argued below, however, it remained unclear whether a fully developed cluster would be a realistic expectation for further growth. 
2007).
Producer-user linkages: At the time of our interviews, most industrial operations in the SCIP were not closely interlinked with each other or with other regional firms. Most bulk resources, especially crude oil, were imported from the Near East, Africa or Indonesia, and were shipped through the park's jetties. The interviews conducted indicated that the firms were also still heavily dependent upon corporate networks for supplies of specialty chemicals, know-how and other high-end services. In addition, direct linkages to foreign-owned chemical firms with customers in China were generally weak or non-existent. In particular, firms that were established as WFOEs tended to ship their products to specialized traders which, in turn, distributed these products to user industries. These were typically located in Hong Kong or in the city center of Shanghai. They operated as knowledge brokers by connecting otherwise unconnected firms, or as structural holes in the sense described by Burt (1995) . We expect that this strong reliance on knowledge brokers could slow down learning processes based on producer-user interaction.
According to one manager, decisions to invest in a WFOE project were generally based on former experience in China as well as the desire to avoid knowledge spillovers to Chinese competitors. The interviewee said: "We are convinced that we are [a] technology leader. We don't want to lose any know-how. So it was clear for us to do it in a 100% … investment."
Chinese firms also seemed to have customer relations that were relatively loose rarely focusing on aspects of learning and innovation. This appears to be an additional burden for the development of dynamic clusters.
The interviews conducted generally indicated that firms were only partially informed about other investment projects in the SCIP, or possibilities for future interaction. As such, local information flows seemed weak. We can expect, however, that local information flows through informal networks and producer-user relations might become stronger over time as more tenants will settle in the SCIP. Since the new projects involve different combinations of Chinese and foreign chemical groups, we anticipate that intended and unintended knowledge flows between these 6 This investment project of BASF was, however, associated with substantial technical problems, which were a burden on the firm's 2006 profits in Asia (FR-online.de 2007).
projects will develop, especially since some firms are simultaneously involved in projects with different partners. Many of our interviewees shared this view. Although "local buzz" was still low, and did not travel easily between the different locations in the region, other information flows, even between competing firms, did already exist. As our interviewees pointed out, these typically operated through private networks of foreign expatriates. This exchange did not, however, occur within the SCIP or its vicinity. Interestingly, it seemed to materialize mainly within the city of Shanghai and appeared to be cross-sectoral in character.
To support the training and qualification of employees, a plan was in place to establish branches of East China University of Science and Technology and the Shanghai Research Institute of Petrochemical Technology in the SCIP. German firms had started sponsoring the introduction of new programs in vocational schools that adopted the German dual training system, combining practical and conceptual knowledge. These and other projects aimed to secure a constant inflow of skilled labor. It is foreseeable that these developments will lead to a substantial increase in production capacities and employment. One of the park representatives suggested that the new investments will lead to a total chemical labor force in the region of 20,000 people in the future.
The goal of including these training and research facilities in the park was also to stimulate future on-site research linkages. Altogether, the institutional conditions in the SCIP likely support the development of a new major center of chemical production, albeit not in the form of a fullyfledged industry cluster.
Competitive Investments in Nanjing since the 1990s and the
Establishment of the Nanjing Chemical Industry Park (NCIP)
The institutional settings for the development of the NCIP were quite different from those in Shanghai but also focused on large-scale development goals.
Park structure: The NCIP developed into the core of chemical production in the Nanjing region through which large shipments of crude oil and other resources were received. Harbor facilities allowed large ocean tankers of 25,000-50,000 tons to make their way through the Yangtze River (an extension to 100,000 tons was seemingly underway at the time of this research) (Krumberger 2005 ).
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The park also had access to Chinese oil fields through a pipeline system. The Luning Oil Pipeline was designed to transport 200 million tons of crude oil per year, and another pipeline from Ningbo was planned (City of Nanjing 2007). The labor market of the region benefited from access to several universities and research institutes located in the city of Nanjing, which offered specific programs in chemistry/chemical engineering. Aside from the SCIP, the NCIP was the only strategic chemical industry park in China that received approval by the central government.
********************************** Insert Figure 3 about here ********************************** Goal of development: Already before the economic opening policy, Nanjing was an important center of chemical/petrochemical production in China due to the activities of the formerly stateowned Sinopec group and its subsidiaries. The NCIP was established to complement and strengthen Sinopec's chemical production competencies, and support the development into a key petrochemical production base in China. As opposed to the SCIP, the NCIP aimed to maintain or strengthen the region's role within China and did not include a vision that went beyond national borders. Due to these goals, the park's development will likely support firms and production networks different from those in the SCIP. The NCIP was designed to focus on petrochemical and gas-based production, basic organic chemicals, polymer products and new materials (Nanjing Chemical Industry Park Co. 2005). As such, the park partially overlapped with the core areas of production in the SCIP. At the time of our research, this did not appear to be a major problem as demand was growing at a faster pace than production (Perlitz 2005) . In the future, however, more 7 This could, of course, also cause problems in the case of severe flooding, although the park authorities did not view this as a threat. One problem associated with the establishment of the park was that about 2,000 farmers had to be relocated from their former homes (Kurz and Schmidkonz 2005) , a difficult process that had been underestimated and led to substantial protests among the local population, as one interviewee mentioned.
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This joint venture was part of BASF's plan to increase its overall share of sales in China and the Asia Pacific region by the year 2010 to 10% and 20%, respectively (Strohm 2005; Perlitz 2005 ).
BASF's new facilities was located outside of the originally designated territory of the NCIP. In most illustrations, however, it was shown as one integrated project (compare Figure 3) , with consent from BASF. Although BASF-YPC cooperated closely with the park authorities and emphasized its commitment to the park's overall development, this signaled that it intended to remain independent from the park. Aside from the cracker, the firm operated numerous downstream production plants in areas related to polymers and complementary products.
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Similar to the SCIP, the growth of the chemical industry in Nanjing was driven by investments from German and other European multinationals, accompanied by formerly state-owned Chinese firms in large vertically-integrated joint ventures. In some industry branches such as petrochemicals, which were viewed as strategically important, market entry in the chemical industry was highly regulated by the central government (Perlitz 2005; Cheng and Bennett 2007) .
Having a Chinese joint venture partner, such as in the case of BASF, was also advantageous as firms were able to benefit from established distribution channels. Some older Chinese firms in the region, which ran into financial problems in the 1990s, were acquired by foreign producers providing them with new technologies and finance. One former state-owned corporation was, for instance, acquired by a German company. However, several years later the operations were sold to a South African chemical firm, as the local operations no longer fit the global core competencies of the German company. Originally relying on integrated production with little external supplier relations, the firm began to disintegrate and set up new service and supplier relations, in part with other firms in the region. Although the institutional conditions in the NCIP seemed quite supportive for further growth, it did not provide the basis for a similarly consistent development as in the SCIP, due to the heterogeneous structures and frictions involved.
Producer-user linkages: Consistent with this evaluation, our research indicated that the new chemical operations in the Nanjing region were not strongly linked with other regional firms through transactional networks. Both input and output linkages were largely national in character with little regional interaction. The structure of the industrial park resembled that of a sheer agglomeration of firms rather than an industry cluster in the sense of Porter (1990; 1998) . Despite this, the growing concentration of chemical firms, including the operations of established Chinese
Although the project contributed to high pollution levels in the region, the hope was expressed that BASF's responsible care initiative would increase overall environmental standards, safety regulations and worker's rights, thus contributing to a reduction in overall environmental damage and social disparities (Kurz and Schmidkonz 2005). firms in the wider region, provided new opportunities for the development of regional supplier networks, as some interviewees mentioned. Most firms still had strong input linkages with their foreign home base at the time our interviews were conducted.
A disadvantage of Nanjing seemed to be related to its limited local market potential. In comparison to this, chemical firms in southern China's Guangdong province and the Shanghai region were clearly in a better position. Nanjing operations had to concentrate a substantial part of their sales and marketing workforce and of their attention on these market regions. Despite some overlap in the production chain between the chemical parks in Nanjing and Shanghai, and the massive investments in Shanghai to become the leader in the Chinese chemical industry with international linkages, one should not overstate the competition between the industrial parks, as demand in the manufacturing sector in the Yangtze Delta region and other parts of China was rapidly growing. Nonetheless, some rivalry existed in the attraction of foreign direct investments and was repeatedly expressed in our interviews.
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In the mid 2000s, the SCIP was clearly more successful in attracting large investments than the NCIP. This seemed to be related to the fact that the chemical industry park in Nanjing had grown organically, producing some infrastructural shortages over time. In contrast, the SCIP was a greenfield investment which provided state-ofthe-art integrated services, large-scale infrastructure, and a modern environmental protection strategy to its tenants. Its institutional set-up was more coherent and offered advantages to a larger number of potential investors than that of the NCIP. In terms of the future research infrastructure, research linkages will likely be weaker in the NCIP than in the SCIP. Research linkages will likely develop with some universities and technical schools in the city of Nanjing.
These conditions suggest that future growth could be somewhat slower than in the SCIP but would still be substantial. A well-developed cluster structure will not necessarily evolve under these conditions.
A former leading manager in the German chemical industry suggested in a conversation that BASF might have easily rethought its location decision for Nanjing if it had been clear at that point that the SCIP was to be established.
The Development of the Ningbo Chemical Industry Zone (NCIZ) since 2003
The NCIZ is again characterized by a rather different institutional configuration, opening different opportunities for regional growth compared to those analyzed in Shanghai and Nanjing. ********************************** Insert Figure 4 about here ********************************** Goals of development: The NCIZ's original goal was to support the development of a value chain focused on the production of petrochemicals and downstream organic chemical production, similar to that of the SCIP and NCIP. To achieve this goal and generate cost advantages, a specific support policy for foreign investors was introduced. This included tax exemptions and reductions, as well as bonus payments for successful firms in the amount of 4 to 6 % of their value added (Jiang 2004) . The long-term goal was to establish one of the largest chemical industry zones in China and offer a full set of integrated services to its tenants. The idea behind the development of the industrial zone was to link new production capabilities with the Sinopec operations, which had expanded into the production of basic organic chemicals. As opposed to these original plans, the new tenants were neither linked with each other through input-output flows nor attracted to the zone based on cost advantages. Instead, they located there because the city of Ningbo had decided in the late 1990s that chemical production should be relocated from A medium-sized producer of synthetic fibers exemplified this. The firm was a successful start-up and had 450 employees at the time of our visit. As one executive explained, it had received capital to acquire western technology and developed a large customer base due to strong personal networks. These networks were only partially regional in character, contributing to wider market access in Guangdong and the Yangtze Delta region. Another firm, a medium-sized producer of rubber products, was relocated to the industrial zone in 2001. With a labor force of 525 people, the firm exported half of its production to industrial users in many different countries. The firm also had few supplier linkages in the region and province. Production was largely standardized and production facilities were relatively old. Similar to other firms in the zone, they did not include state-of-the-art technologies. Generally, the firm did not engage in close interaction with customers or suppliers from which ideas for future innovation could have developed.
Producer-user linkages: Most firms in the NCIZ were relatively small and did not form a value chain or parts thereof. They had no local customers and only limited market relations in the province. Our interviews also suggested that most Chinese chemical firms did not have close supplier linkages with other firms in the industry zone and the region. As such, the industrial zone had little resemblance with a cluster that is well developed along multiple dimensions (Bathelt and Zeng 2005) . On the one hand, problems such as unresolved land use conflicts and environmental pollution, which caused local protests, put the NCIZ at a disadvantage compared to the development in Shanghai. The limited regional customer base and relatively large distances to other economic centers in the Yangtze Delta region were also viewed as disadvantages of Ningbo. To increase the potential for further growth, local authorities tried to foster a plan to establish a new pipeline to Nanjing to distribute petrochemical products. Yet, as one expert noted, it was unclear whether this investment would be realized under the new priorities of the central government. The development of the NCIZ was criticized by the provincial government because the firms created only a limited number of new jobs. Furthermore, tax revenues were largely transferred to Beijing and did not remain in the region. Most of the chemical firms that were founded prior to the NCIZ did not generate new jobs in the region.
On the other hand, however, the NCIZ also enjoyed a number of advantages compared to the industrial parks in Shanghai and Nanjing. First, it was open to investments smaller than those favored by the SCIP and the NCIP. Second, compared to the situation in Nanjing, local government support was much stronger, and environmental protection was likely to be given a higher priority. Finally, the completion of the Hangzhou Bay bridge, which is 36 km long and cuts down driving time between Shanghai and Ningbo from four to two hours, promised to become an important landmark for further economic development in the region, as it serves to strengthen traditional business ties between the regions (Chiang 2007) . Ningbo might become part of the new periphery of Shanghai (compare Figure 1) . This would lead to new opportunities for collaboration, as well as competition, between the chemical industry parks in both cities.
Although the NCIZ was not as modern and well-developed as the SCIP, it had considerable growth potential especially because of its new link with Shanghai and the entrepreneurial local business culture related to the Wenzhou business model (Wei, Li and Wang 2007) . In terms of research linkages, plans to support or create such linkages at the regional level did not exist. Any development toward the establishment of such linkages would, thus, likely have to be stimulated in a decentralized fashion by individual firms. At the time of our research, investment activities had come to a standstill related to the institutional conditions at hand. The development of a cluster structure appeared unrealistic at that point.
Conclusions: Toward the Development of New Industry Clusters in the Chemical Industry?
This paper provides compelling evidence of the enormous growth potential in the "old economy" of the Yangtze Delta region, especially as it relates to the chemical industry and its new industrial parks. This growth is a consequence of the large agglomeration of industrial users in the Shanghai, Jiangsu and Zhejiang provinces. The region boasts deep sea harbors and oil pipelines, which enable easy access to the resources and raw materials required for chemical production.
Even though production capacities were substantially extended in the 2000s, the demand for chemical products was, in many product segments, still higher than domestic supply. Particularly in the area of specialty chemicals, China was still a large importer of chemical products (Perlitz 2005 ; Table 1 ). In the Yangtze Delta region, this growth had led to developments that were both complements and rivals. The three chemical industry parks in Shanghai, Nanjing and Ningbo, which serve as the focal points of this paper, were designed to become world-scale facilities, each having a projected size of 30 to 55 km 2 . As summarized in Table 5 , the SCIP, NCIP and NCIZ were characterized by different institutional set-ups and structures, leading to different growth trajectories. Our argument is that these divergent paths were shaped by the institutional arrangements of particular business models which were dominant in these regions, contributing to different growth trajectories: ********************************** Insert Table 5 about here ********************************** -Nanjing, the earliest of the three parks, was influenced by the Sunan model, which is characteristic of the southern parts of the Jiangsu province (Wei 2002; Ong 2007 ). In this model, which became important in the 1980s, economic development is primarily led by collective or state-owned enterprises and a corresponding mixture of ownership forms.
This model incorporates a very active role for the state in economic development. In the case of the NCIP, this leading role was combined with the integration of foreign firms through joint venture enterprises. The goal was to ensure the effective allocation and use of the national resource base. Consequently, petrochemical production was closely linked to oil supplies from Chinese sources. Imports that were shipped through the Yangtze River also played an important role. There are, however, also disadvantages to the Wenzhou model, as it is associated with low wage levels, a low degree of technological sophistication and illegal transfers of intellectual property through its guanxi networks.
firms. It remains unclear, however, to what degree the Pudong model can be implemented in the chemical industry.
In general, the industrial parks investigated in this paper were established with the goal of forming clusters of interlinked operations in the area of petrochemicals and organic chemicals.
Although development was still at an early stage at the time of our research, it was foreseeable that most industrial park developers would not stick closely to the goal of developing an extended chemical value chain. Whether the chemical industry parks would have the potential to develop into closely connected industry clusters was, therefore, questionable, supporting our first hypothesis. Our research indicated that linkages between the tenants of the industrial parks were an exception. Furthermore, regional supplier and customer linkages were also weak, and material flows between new foreign branches and older Chinese production sites hardly existed. Foreign production facilities were still strongly committed to their corporate networks for securing the supply of specialty chemicals and engineering know-how. Strategic decisions tended to be made at the firms' global headquarters, which were often located in Europe. This could change in the future, however, if more opportunities for regional networks develop from the continued investments in new operations. Although the direct employment effects of the new chemical operations remained relatively small, because of the high degree of automation of these facilities, regional labor markets were beginning to develop that were specialized in a broad range of chemical fields. They included a wide scope and scale of university graduates and skilled production workers. This development was supported by specialized training programs at regional universities and technical schools and was, in part, actively supported by foreign multinationals which funded the implementation of new programs.
Of course, rapid economic growth also put a great deal of stress on natural resources and could threaten overall environmental quality. As older high-pollution chemical firms were increasingly being shut down or modernized and new foreign investment projects with modern technology completed, the overall pollution levels due to chemical production might not necessarily increase in the three regions. In this respect, it would be misleading to assume that the new chemical n.a. = data not available.
3) Data prior to 1990 only encompasses state-owned and collective enterprises; since then private firms are also included. 
